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(54) MODIFIED SARCOSINE OXIDASE AND ITS USE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the occurrence of positive errors in * 6 | 
measuring creatine and creatinine for diagnoses of muscle diseases and Hv 
renal diseases by reducing reactivity to proline by modifying a protein 
having sarcosine oxidase activity using a protein engineering method. let 
SOLUTION: Reactivity of a natural sarcosine oxidase to proline is reduced ^ y 
by a method, etc., in which the 345th phenyl alanine in the amino acid 
sequence of the formula as a protein having sarcosine oxidase activity, is pi . 
substituted with alanine, glycine, valine or isoleucine. 
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iWWl a S/> t* v "felt, t^WfcTOitB*** 

Met Ser lie Lvs Lvs .Asp Tyr Asp Val lie Val Val Cly Ala Cly 5er 

1 5 10 15 

Met Cly Met Ala Ala Cly Tyr Tyr Leu Ser Lvs Gin Cly Val Lvs Thr 

20 25 30 

Leu Leu Val Asp Ser Phe His Pro Pro His Thr Asn Cly Ser His His 

35 40 45 

Cly Asp Thr Arq lie He Arq His Ala Tyr Cly Ou Cly Ana CI u Tyr 

50 55 60 

Val Pro Phe Ala Leu Arq Ala Cln Clu Leu Trp Tyr Clu Leu Clu Lvs 
65 70 75 80 

Clu Thr His His Lvs He Fhe Thr Lvs Thr Cly Val Leu Val Phe Cly 

65 90 95 

Pro Lvs Cly Clu Ala Pro Phe Val Ala Clu Thr Met Clu Ala Ala Lys 

100 105 110 

Clu His Ser Leu .Asp Val Asp Leu Leu Clu Civ Ser Clu !le Asn Lys 

115 120 125 

.Arq Trp Pro Cly Val Thr Val Pro Clu Asn Tyr Asn Ala !le Phe Clu 

130 135 1^0 

Lys Asn Ser Cly Val Leu Phe Ser Clu Asn Cys He Arq Ala Tyr Arq 
145 150 155 160 
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11 u 
Clu Leu Ala Olu Ala Asn Gly Ala Lys Val Leu Thr Tyr Thr Pro Val 

155 1?0 175 

Clu Asp Phe Glu lie Ala Clu Asp Phe Val Lvs He Cln Thr Ala Tyr 

ISO 185 190 

Cly Ser Phe Thr Ala Ser Lys Leu He Val Ser fto Civ Ala Trp .Asn 

195 200 205 

Ser Lvs Leu Leu Ser Lvs Leu Asn He Clu He Pro Leu Gin Pro Tyr 

210 215 220 

Arq Gin Val Val Civ Phe Phe Clu Cvs Asp Clu Lvs Lys Tyr Ser .Asn 
225 230 235 240 

Thr Mis Cly Tyr Pro Ala Phe Met Val Clu Val Pro Thr fly lie Tvr 

245 250 255 

Tvr Glv Phe Pro Ser Fhe Glv Civ Cvs Cly Leu Lvs He Gly Tyr His 

260 265 270 

Thr Tyr Cly Gin Lys He Asp Pro Asp Thr He Asn Arq Glu Phe Cly 

275 230 235 

He Tyr Pro Glu Asp Clu Gly Asn He Arq Lys Phe Leu Glu Thr Tyr 

290 295 3Q0 

Met Pro Cly Ala Thr Cly Glu Leu Lvs Ser Cly Ala Val Cys Met Tyr 
305 310 315 320 

Thr Lvs Thr Pro Asp Clu His Phe Val lie .Asp Leu His Pro Cln Phe 

325 330 335 

Ser Asn Val Ala He Ala Ala Cly Fhe Ser Cly Mis Gly Phe Lvs Phe 

340 345 350 

Ser Ser Val Val Cly Clu Thr Leu Ser Cln Leu Ala Val Thr Cly Lys 

355 350 355 

Thr Glu His Asp He Ser He Phe Ser lie .Asn Arq Pro Ala Leu Lvs 

370 375 380 

Cln Lys Clu Thr He 
385 389 

[ 0 0 4 1 ] B**M- -2 * X a a 1*7 * ~*7 y^WiOT * /R**1\ 

ERIC'S : 7 5 SW : 7*-*OM £ $ - • XX tT- (Arthrobacter S 

mXom'-Z&W fc£:TEl8 26 

ftoNM : * 

m 

M?t Ser He Lys Lvs .Asp Tyr Asp Val He Val Val Cly Ala Cly Ser 

15 10 15 

Met Gly Met Ala Ala Cly Tyr Tvr Leu Ser Lys Gin Gly val Lvs Thr 

20 25 30 

Leu Leu Val Asp Ser Phe His Pro Pro Mis Thr Asn Cly Ser His His 

35 40 45 

Civ Asp Thr Arq He He Arq His Ala Tyr Cly Glu Cly Arq Clu Tyr 

50 55 60 

Val Pro Phe Ala Leu Arq Ala Cln Glu Leu Trp Tyr Clu Leu Clu Lvs 
65 70 75 80 

Clu Thr His His Lvs He Phe Thr Lvs Thr Cly Val Leu Val Phe Civ 

85 90 95 

Pro Lvs Civ Glu Ala Pro Phe Val Ala Clu Thr Met Clu Ala Ala Lvs 
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13 IV 
100 105 110 

Clu His Ser Leu Asp Val Asp Leu Leu Glu Cly Ser Glu He Asn Lys 

115 !20 125 

Arq Trp Pro Gly Val Thr Val Pro Clu Asn Tyr Asn Ala He Pne Clu 

130 135 140 

lys Asn Ser Gly Val Leu Fhe Ser Glu Asn Cys He Arq Ala Tvr Arq 
145 150 155 160 

Clu Leu Ala Glu Ala .Asn Gly Ala Lvs Val Leu Thr Tvr Thr Pro Val 

155 170 1?5 

Clu Asp Phe Glu He Ala Glu Asp Phe Val Lys He Gin Thr Ala Tyr 

180 ' 185 190 

Cly Ser Phe Thr Ala Ser Lvs Leu He Val 5er Met Gly Ala Trp .Asn 

195 200 205 

5er Lvs Leu Leu Ser Lvs Leu Asn He Glu He Pno Leu Gin Pro Tvr 

210 215 220 

Arq Gin Val Val Gly Phe Phe Glu Cys Asp Clu Lvs Lvs Tyr Ser .Asn 
225 230 235 240 

Thr His Gly Tyr Pro Ala Phe Met Val Glu Val Pro Tnr Gly He Tyr 

245 250 255 

Tyr Gly Phe Pro Ser Phe Gly Gly Cys Gly Leu Lvs lie Gly Tvr tfis 

260 265 270 

Thr Tyr Gly Gin Lvs He Asp Pro Asp Tnr He Asn Arq Glu Phe Cly 

275 280 285 

He Tyr Pro Glu Asp Clu Gly Asn He Arq Lvs Phe Leu Glu Tnr Tyr 

290 295 300 

Met Pro Cly Ala Thr Cly Glu Leu Lys Ser Cly Ala Val Cys Met Tyr 
305 310 315 320 

Thr Lvs Tnr Pro Asp Clu His Phe Val He .Asp Leu His Pro Gin Phe 

325 330 335 

Ser Asn Val Ala He Ala Ala Cly Xaa Ser Cly His Gly Phe Lvs Fhe 

340 345 350 

Ser Ser Val Val Gly Clu Thr Leu Ser Gin Leu Ala Val Thr Gly Lvs 

355 350 355 

Thr Glu His Asp He Ser He Rie Ser He .Asn Arq Pro Ala Leu Lvs 

370 375 380 

Cln Lvs Glu Thr He 
385 389 

[ 0 0 4 2] B2?iJ§^ : 3 *£9J©fS£ : gen offli cDNA 

mi<D&$ : i 67 0 asa 

ffiWca : ttK (DNA) 40 : T~X*><9*- • x*fcT-(Arthrcbacter S 

mm : p -> 

CTGCACTTCT TCCTGCACCT TTTCAATCCT CAGOCTAAGA TAAGAJTCAA CAT.AATTTAA 50 

A U 1 1 lUXC CCCTTTGAAA CCC1GCCATA TTCAACTACC TTTTCAAAAA TCTGCAAATC 320 

TTT.AATTTCjC AAGTATAATC ACTCCCAAM CCTTCTTTTA CTACTAGCAC TAGAATATTT 180 

CTAAAACTCA TACCTCCTAT CACTTTTAAG CATTTTACAT GATGGCCAAT AGGCCGTATG 240 

ATGTAAATAG ATAATTAAGA AAATTCAAAT TAQCTGTTTG AAAAACCAGA OCAAACA 297 

ATG ACT ATT AAA .AAA GAT TAT GAT GTA ATT CTG GTT CGC OCT GGT TCC 345 
M?t Ser He Lvs Lvs .Asp Tyr Asp Val He Val Val Gly Ala Gly Ser 
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1 5 10 15 

ATG OCA ATC GCA GCT CEG TAC TAT CTG TCT AAA CAA OCT OTT .AAA ACA 393 
Met Gly Met Ala Ala Cly Tyr Tyr Leu Ser Lys Gin Gly Val Lys Thr 

20 25 30 

CTA TO CTA GAT TCA TTT CAT OCT CCC CAT ACA AAT CGC ACC CAT CAT 441 
Leu Leu Val Asp Ser Phe Mis Pro Pro His Thr Asn Cly Ser His His 

35 40 45 

CCC GAT ACA COG ATC ATT CCT CAC GCA TAT OQC GAA CGA ACA GAG TAT 489 
Cly Asp Thr Arq He He Arq His Ala Tyr Cly Glu Cly Arq Clu Tyr 

50 55 60 

CTA COC TTT GOC TTG .ACA GCA CAA GAG TTA TCG TAT GAA TTA CAA AAG 537 
Val Pro Phe Ala Leu Arq Ala Gin Glu Leu Trp Tyr Clu Leu Clu Lys 
65 70 75 SO 

GAG ACT CAT CAT .AAA ATA TTT .ACA AAA .ACA OCT GTA CTC GTT TTT OCT 585 
CTu Thr His His Lys He Fhe Thr Lys Thr Cly Val Leu Val Phe CTv 

35 90 95 

OCT AAA OGA GAA CCT OCT TTC CTT GCC CAA. .ACA ATC CAA GOC CCA .AAG 633 

100 105 110 

CAA CAT TCA TTA CAT CTT GAT TTA CTA CAA OCA ACT CAA ATA .AAT .AAG 681 
Clu His Ser Leu Asp Val Asp Leu Leu Clu Cly Ser Clu He Asn Lys 

115 120 125 

OCT TOG OCA GOT CTA ACG GTT CCT GAG .AAT TAT AAT CCT ATT TTT GAA 729 
Arq Trp Pro Gly Val Thr Val Pro Glu Asn Tyr Asn Ala He Phe Clu 

130 135 140 

.AAA AAT TCT OCT CTC TTA TTT .ACT GAA .AAT TCT ATT CGC OCT TAC OCT 777 
Lys Asn Ser Gly Val Leu Phe Ser Glu Asn Cys He Arq Ala Tyr Arq 
145 150 155 160 

OAA TTC CCC GAA CCA AAT GCT CCC AAA CTT CTA ACC TAC ACA CCC CTT S25 
Clu Leu Ala Glu Ala .Asn Gly Ala Lys Val Leu Thr Tyr Thr Pro Val 

165 170 175 

GAA GAT TTC GAG ATT GCC GAG CAC TTC CTC .AAA ATC CAA ACC CCC TAT 873 
Clu Asp Phe Glu lie Ala Glu Asp Phe Val Lys He Gin Thr Ala Tyr 

180 185 190 

OCC TOC TTT ACA CCC .ACT AAA TTA ATT CTT .ACC ATC CGC GCT TGG .AAT 921 
Cly Ser Phe Thr Ala Ser Lys Leu He Val 5er Ktei Cly Ala Trp .Asn 

195 200 205 

.ACC AAA CTC CTA TCA .AAA TTA .AAT ATT CAA ATC CCA TTC CAG CCA TAC 959 
Ser Lys Leu Leu Ser Lys Leu Asn He Clu He Pro Leu Gin Pro Tyr 

210 215 220 

OCT CAA CTT CTC CGA TTC TTC CAA TCT GAT GAA AAA AAA TAT AGC AAT 1017 
.Arq Gin Val Val Gly Phe Fhe Glu Cys Asp CTu Lys Lys Tyr Ser .Asn 
225 230 235 240 

.ACA CAT GCT TAT CCG OOG TTC ATG CTC CAA CTC CCA .ACT GCC ATC TAT 1055 
Thr His Gly Tyr Pro Ala Phe Met Val Clu Val Pro Thr Gly lie Tyr 

245 250 255 

TAC GGA TTT CCA .AGC TTC GOC CGC TCC CGC TTG AAA ATA GCC TAT CAT 111 3 
Tyr Gly Phe Pro Ser Phe Gly Gly Cys Cly Leu Lys lie Gly Tyr His 

260 265 270 

ACG TAT CCT CAA .AAA ATC GAT OCA GAT .ACG ATT AAT OCT GAA TTT CCT 1151 
Thr Tyr Gly Gin Lys He Asp Pro Asp Thr He Asn Arq Glu Phe Cly 
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17 18 
275 2SO 235 

ATT T.AC CCG GAG GAT GAA GOG AAT ATT COC .AAA TTC CTG GAA .ACA TAT 1209 
He Tvr Pro Glu Asp Clu Gly .Asn He Arq Lys Phe Leu Glu Thr Tyr 

290 295 3Q0 

ATG COC CGA GCA ACC OX GAA. TTA AAA .ACT OGG GCA GTT TCC ATC TAG 1257 
M?t Pro Cly Ala Thr Cly Glu Leu Lys Ser Cly Ala Val Cys Ms* Tyr 
305 ... 310 315 320 

.ACA AAA .ACA CCT CAT GAG GAT TTC GTG ATT GAT TTA CAT CCT CAA TTC 1305 
Thr Lys Thr Pro Asp Clu His Phe Val lie .Asp Leu His Pro Gin Phe 

325 330 335 

TO AAT CTC GCG ATT OCA GCC CGA TTC TCC OCA CAT CGC TTT .AAA TTC 1353 
Ser Asn Val Ala lie Ala Ala Cly Phe Ser Cly His Cly Phe Lys Phe 

340 345 350 

TCA AOC GTA GTT GGT CAA ACA TTA ACT CM TTA OCT GTA ACC CGT .AAA 1401 
Ser Ser Val Val Cly Clu Thr Leu Ser Gin Leu Ala Val Thr Civ Lys 

355 360 355 

.ACA GAA CAC GAT ATT TCC ATC TTT TCA ATC MT COC OCT OCT TTA .AAA 1449 
Thr Glu His Asp He Ser He Phe Ser He .Asn Arq Pro Ala Leu Lys 

370 375 380 

CAA AAA CM AOG ATT TAAAAACGCA AGCAACCGGT ACATAAATTT GGATAGATAT 1504 
Cln Lys Glu Thr He 
385 

TATGTACGCC TT.ACTTTATT T.ACAACTT.AA AMTCTGGAT ATCMTGCTG TCCCTCTACT 1554G 
ATTCAAGCA CAAACTCTAC TTCAACGCCT TTTTTATT.AA CTTCT.AAOGA T.AACAGGAAC 15240C 
TAAAATAA GAAGACOCCT OCATAACMT AGTAGGGGAC GAATTC 1670 
[ 0 0 4 3] |B^IJ§^ : 4 *4**:T-XBM^-.i^e- (Arthrobac ter S 

E9JCDS3 : 1 67 0 P-> 

&%<?M : ttK < D N A > tfcS ■ T E ! 8 2 6 

^py^rtMK 30 N«AX«CX«GX«T*>l/<l*U«:*fo_ 

SH®M: ?en omi cDNA X a a ii? *~*7 ?z-l>Wlv>7 s /©^T, 

as * 

CrGCACTTCT TCCTCCACCT TTTGAATCCT CAGCCT AACA T.AAGATTCM CAT.AATTTAA 60 
ACTTTTCGCC CCCTTTGAM CCCTGCCATA TTGAACTACC TTTTGAAAM TCTCCAAATC 120 
TTT.AATTTCC .AACTATMTC ACTOCCAAM CCTTCTTTTA CTACTAOCAC TAGAATATTT 180 
CTAAAACTGA TACCTCCTAT CACTTTTAAC CATTTTAGAT GATGCCCAAT .ACGCCCTATG 240 
ATGTAAATAG AT.AATTAAGA AAATTCAMT TAOCTCTTTG AAAAAX5GAGA OGAAACA 297 
ATG ACT ATT AAA .AM GAT TAT GAT GTA .ATT CTG GTT CGC OCT CGT TCC 345 
fctet Ser lie Lys Lys .Asp Tyr Asp Val lie Val Val Cly Ala Cly Ser 

1 5 10 15 

ATG GGA ATC GCA OCT OQG TAC TAT CTG TCT .AAA CAA OCT GTT .AM .ACA 393 
Met Gly Met Ala Ala Cly Tyr Tvr Leu Ser Lys Gin Cly Val Lys Thr 

20 25 30 

CTA TTC GTA GAT TCA TTT CAT OCT COC CAT .ACA MT CGC ACC CAT CAT 441 
Leu Leu Val Asp Ser Phe His Pro Pro Mis Thr Asn Cly Ser His Mis 

35 40 45 

OCC GAT .ACA CCG ATC ATT CCT CAC GCA TAT OGC GAA CGA ACA CAC TAT 489 
Cly Asp Thr Arq lie He Arq Mis Ala Tvr Cly Glu Cly Arq Clu Tyr 
50 55 60 
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CTA CCC TTT GCC TTC ACA OCA 
Val Pro Phe Ala Leu Arq Ala 
65 70 
GAG ACT CAT CM .AM ATA TTT 
Clu Thr His His Lvs He Phe 
35 

OCT AAA GGA GAA CCT OCT TTC 
Pro Lvs Civ Glu Ala Pro Phe 

100 

CAA CAT TCA TO CAT CTT GAT 
Clu His Ser Leu Asp Val Asp 
115 

CCT TO: CCA OCT CTA ACG GTT 
Arq Trp Pro 01 v Val Thr Val 
130 135 
.AAA AAT TCT OCT CTC TTA TTT 
Lvs Asn Ser dv Val Leu Phe 
145 150 
CAA TTC GCC GAA CCA .AAT OCT 
Clu Leu Ala Glu Ala .Asn Gly 
155 

GAA GAT TTC GAG ATT CCC GAC 
Clu Asp Phe Glu lie Ala Glu 
180 

CCC TCC TTT ACA GCC ACT AAA 
CTv Ser Phe Thr Ala 5er Lvs 
195 

AGC AAA CTC CTA TCA .AAA TTA 
5er Lvs Leu Leu Ser Lvs Leu 
210 215 
CCT CAA CTT CTC CGA TTC TTC 
Arq Gin Val Val Civ Phe Phe 
225 230 
.ACA CAT CCT TAT CCG GOG TO 
Thr His ClY Tyr Pro Ala Phe 
245 

TAC OCA TTT CCA AGC TTC 00C 
Tyr Gly Phe Pro Ser Phe Gly 
250 

ACG TAT CCT CAA .AAA ATC GAT 
Thr Tyr Cly Gin Lys He Asp 
275 

ATT T.AC CCC GAG CAT CAA GOG 
He Tyr Pro Glu Asp Clu Gly 
290 . 295 

ATG CCC CGA OCA .ACC OK GAA 
fcfet Pro Cly Ala Thr Cly Glu 
305 310 
.ACA AAA .ACA CCT CAT GAG CAT 
Thr Lys Thr Pro Asp Clu His 



(11) 

CAA GAG 
Gin Glu 

.ACA AAA 
Thr Lvs 

CTT GCC 
Val Ala 
105 
TTA CTA 
Leu Leu 
120 

CCT GAG 
Pro Glu 



.ACT GAA 
Ser Glu 

CCC AAA 
Ala Lvs 



GAC TTC 
Asp Phe 
185 
TTA ATT 
Leu lie 
200 

.AAT ATT 
Asn He 

CM TCT 
Clu Cys 

ATC CTC 
Me* Val 



TTA TCC 
Leu Trp 
75 

.ACA CCT 
Thr Cly 
90 
CAA .ACA 
Clu Thr 

CAA CCA 
Clu CTv 

.AAT TAT 
Asn Tyr 

.AAT TCT 
Asn Cvs 
155 
CTT CTA 
Val Leu 
170 

CTC .AAA 
Val Lys 



20 

TAT CAA TO CAA AAG 
Tyr Clu Leu Clu Lvs 



M 0-2 4 857 2 



537 



CTA CTC 
Val Leu 

ATC CAA 
Hex Clu 

ACT CAA 
5er Clu 
125 
AAT CCT 
Asn Ala 
140 

ATT COC 
He Arq 

ATX TAC 
Thr Tyr 



COC TCC 
Cly Cvs 
265 
CCA GAT 
Pro Asp 
280 

.AAT ATT 
Asn He 



CTT AGC 
Val Ser 

CAA ATC 
Clu He 

CAT CAA 
Asp Clu 
235 
CAA CTC 
Clu Val 
250 

COC TTG 
Cly Leu 



ACG ATT 
Thr He 

COC .AAA 
Arq Lys 



TTA AAA .ACT CCG 
Leu Lvs Ser Cly 
315 

TTC CTG ATT CAT 
Phe Val He .Asp 



ATC CAA 
He Gin 

ATC COC 
fctet Civ 
205 
CCA TTC 
Pro Leu 
220 

AAA .AAA 
Lys Lvs 

CCA .ACT 
Pro Thr 

AAA ATA 
Lvs He 

AAT OCT 
Asn Arq 
285 
TTC CTC 
Phe Leu 
300 

OCA CTT 
Ala Val 



GTT TTT CCT 

Val Phe Cly 
95 

GCC CCA .AAG 
Ala Ala Lvs 
110 

ATA AAT .AAG 
He Asn Lys 

ATT TTT CAA 
He Phe Clu 

OCT TAC OCT 
Ala Tvr Arq 

160 

ACA CCC CTT 
Thr Pro Val 

175 
ACC CCC TAT 
Thr Ala Tyr 
190 

OCT TGC AAT 
Ala Trp .Asn 



585 



633 



681 



729 



777 



825 



873 



921 



TTA CAT 
Leu His 



CAG CCA TAC 
Gin Pro Tyr 

TAT .AGC .AAT 
Tyr Ser .Asn 
. 240 
GCC ATC TAT 
Gly He Tyr 

-55 
GCC TAT CAT 
Gly Tvr hhs 
270 

GAA TTT CCT 
Glu Phe Cly 

GAA .ACA TAT 
Glu Thr Tyr 

TCC ATC TAC 
Cvs Met Tyr 
. 320 
CCT CAA TTC 
Pro Cln Phe 



959 



1017 



1065 



1113 



1161 



1209 



1257 



1305 
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325 




330 




335 






TO 


MT 


CTC 000 ATT OCA 


00C COA NW 


TCC OCA 


CAT COG TTT 


.AAA 


TTC 


1353 


Ser 


Asn 


Val Ala He Ala 


Ala Cly Xaa 


Ser Cly 


His 01 Y Phe 


LVS 


Fhe 








340 


345 




350 








TCA 


AOC 


CTA OTT COT CAA 


ACA TTA ACT 


CAA TTA 


OCT OTA ACC 


GOT 


.AAA 


1401 


Ser 


Ser 


Val Val Civ Clu 


Thr Leu Ser 


Cln Leu 


Ala Val Thr 


Cly 


Lvs 








355 


350 




355 








ACA 


GM 


CAC GAT ATT TCC 


ATC TTT TCA 


ATC MT 


COC CCT OCT 


TTA 


.AAA 


1449 


Thr 


Glu 


His Asp He Ser 


He Phe Ser 


He Asn 


Arq Pro Ala 


Leu 


Lys 






370 




375 




380 









CAA AM CM AOG ATT TAAAAAGOCA .AOCAACCCOT ACATAMTTT GGATACATAT 1504 

Cln Lvs 01 u Thr He 

385 

TATCTAOOGC TTACTTTATT TACAACTTM AMTCTOCAT ATCMTOCTC TOCCTCTACT 1564 
OMTGMOCA CAAACTGTAC TTGAACCGCT TTTTTATTAA CTTOTAACGA. TAACACGAAC 1524 
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